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ON  THE  DEMONSTRATION  OF  STAPHXLOCOCCOS-ENTEROTQXIN 


[Following  la  a  translation  of  an  artiole  by  Dr.  Malta  Kienite 
and  Profasaor  Dootor  Rudolf  Prouner,  Diraotor  of  tha  Hygiene 
Institute  of  the  Hanseatio  City  of  luebeok,  in  tha  German- 

as, 

on  29  July  195a.] 


An  attempt  was  made  in  a  preceding  study  (28)  to  indioate  the  advan¬ 
tages  and  disadvantages  of  the  biologioal  demonstration  prooedure  for  the 
staphylooooous  enterotosdn  ( Staph, -Enter ot ox. ).  Certain  methods  (o.g., 
oat  test  aooordlng  to  Dolman  and  oolleaguea),  aooepted  as  relatively  re¬ 
liable  ones,  are  suitable  for  individual  examinations  also  under  the  con¬ 
ditions  obtaining  in  this  country.  However,  larger  test  aeries  are,  for 
the  moat  part,  preoluded  owing  to  considerations  of  spaoe  and  funds. 

The  inoubated  hen  egg  on  tho  other  hand  is  relatively  cheap  and  oan  be 
procured  at  any  time  and  in  the  desired  quantities.  The  incubating  appa¬ 
ratus  requires  only  a  small  space j  the  inoubatlon  prooeas  itself  oan  be 
supervlued  without  too  muoh  trouble.  In  view  of  the  reports  published 
by  various  authors  on  infootion  tests  with  staphyloooooi  on  the  inoubated 
hen  egg  (Bibliography,  See  30),  it  was  an  easy  step  to  conduct  a  oheok 
on  the  sensitivity  of  ohiok  embryos  to  the  staph.-enterotox.  After  a 
group  of  tests,  we  made  the  statement  in  a  provisional  report  (29)  that 
the  9-10  day-old  ohiok  embryo  oan  —  with  0,13  milliliters  of  a  toxin- 
oontalnlng  filtrate  «  be  injured  and  oaused  to  die,  We  will  report  here 
the  findings  of  investigations  on  about  800  inoubated  eggs, 

ttfctortil  iiri  Mtedi 

Lu  Staphyloooooua  3ty|^| 

In  all,  fifty- seven  ntaphyloocooue  strains  were  tested  1  fivo  strains 
of  enterotoxin-fonaing  staphylcooooi  from  the  Food  Rewearuh  Institute, 
Chicago  (14?«  161,  196,  234,  S-6)t  six  enteritis  strains  front  the  oollec- 
tlon  of  Dr.  Williwns,  London  (697,  10?4,  2110,  2204  ,  2341,  2.483)  j  four 
of  our  own  strains  that,  were  isolated  from  ohildren  with  staphyloooooal 
enterocolitis  (127,  165,  205R4,  360)1  and  finally  fourty-two  strains  taken 
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from  tho  material  of  our  Sundries  Division.  Used  as  controls  worst  un¬ 
inoculated  oulturo  media,  several  strains  of  mlorooooouB  pypg.  var.  alb., 
a  branoh  culture  of  the  Oxford  strain  and  held  by  the  Luebeok  Institute. 

In  eaoh  oaso,  a  teat  was  made  of  the  following  properties!  ooagulase- 
formation  (qualitative,  human  plasma),  Mannitol  fermentation,  hemolysis, 
pigment-formation;  reaction  to  six  antibiotios  in  the  hole  test.  A  report 
on  the  regularly-oonduoted  phage  typing  (Dr.  H.  Ph.  Poehn,  Qoettingen)  is 
presented  elsewhere.  We  have  tabulated  here  the  hemolysin  titers  obtained 
in  the  tubule  test,  insofar  as  it  seemed  neoessary  for  the  elucidation  of 
oertain  problems. 

the  problem  how  to  obtain  as  high-value  a  toxin  filtrate  as  possible 
is  dealt  with  in  a  great  number  of  studies  in  detail.  There  is  a  wide 
selootion  of  usable  culture  media,  Just  as  there  are  widely  differing  nu¬ 
trients  which,  upon  being  consumed,  produoe  symptoms  of  poisoning,  proeiote 
the  multipli  oation  of  enterotoadn-fovmlng  staphyloooooi  and  the  production 
of  staph. -Hnterotox.  A  rather  reoent  listing  of  these  is  to  be  found  in 
Ortel  (41). 

Daok  and  oolleaguos  (11)  showed  the  presenoe  of  staph, -anterotox.  in 
oalf's  broth  oulturo.  Batter  yields  of  toxin  were  aohieved  with  the  seal- 
stiff  broth-agar  culture  medium  given  by  Woolpert  and  Daok  (60),  vhloh  Burnet 
(7)  also  used  in  a  similar  mixture  for  the  raising  of  other  staphylooooous 
toxins.  Finally,  we  would  also  mention  tho  oemi-stlff  proteose-peptone- 
agar  oulturo  medium  described  by  Dolman  and  Wilson  (16),  and  the  liquid 
medium  of  Favorite  and  Kanaon  (17),  vhioh  oonsists  of  1.5  per  oent  oasein- 
hydrolysate  plus  glucose  and  vitamins.  An  almost  oomplete  survey  of  the 
studies  oonoerning  this  eubjeot  is  given  by  Surgalla  (51),  who,  at  the 
name  time,  reports  substantial  findings  of  his  own. 

One  can  oount  on  sufficient  quantities  of  staph, -onterotox,  only  if 
the  inooulated  oulturo  medium  la  incubated  (25,  60,  14,  76)  in  a  002  atmos- 

fhera  (20-30  per  oant),  whioh  in  our  experionoo  la  very  well  workable  with 
he  uaual  enaerobio  Jar  in  whioh  CO2  —  controlled  by  a  presaure  gauge  — 
is  fed  in  through  an  easily  Installable  system  of  tubes,  Following  this, 
ons  allows  suoh  sn  extent  of  inflow  of  air  —  or  preferably  Q%  —  as  will 
leave  the  top  still  olosing  tightly.  Inoubation  tsmperatur#  is  held  at 
+37°C  .  With  the  same  method,  ons  obtains  good  yields  of  other  staphylo- 
oooous  toxins  (7,  3»  14,  43)  as  well,  A  further  factor  favoring  the  pro¬ 
duction  of  staph ,-sntsrotox.  is  the  agitation  of  the  oulturas  (17,  51,  9, 

53t  50),  Owing  to  laok  of  teohnloal  possibilities,  ws  have  no  experiences 
of  our  own  available.  Perhaps  the  simplest  should  be  the  method  of  Fa¬ 
vorite  end  Hemmon  (17),  who  ueed  rotating  baby  bottles.  Surgalla  (51) 
affixed  his  oulturas  to  a  wheel  turning  at  30-330  revolutions  per  hour. 


The  procedures  used  by  us  so  far  oan  be  oonduotsd  without  too  great 


expenditure  of  apparatus.  Thus,  freshly-isolated  staphyloooool  are  inocu¬ 
lated  into  the  speoial  culture  media  either  direot  from  the  blood  plate 
(aeven  per  cent  sheep's  blood-agar  plate)  or  from  a  simple  grape  sugar  broth. 
Strains  held  for  a  rather  long  time  were  subjeoted  by  us  —  for  aetivation 
of  the  enterotoxin  formation  —  to  a  multiple  passage  on  staroh-agar  accor¬ 
ding  to  the  directions  of  Jordan  and  Burrows  (26).  Xnoubation  in  30  per¬ 
cent  CO2  at+37°C  for  two  to  three  days.  Zn  the  six-fold  passage  recommen¬ 
ded.  we  did  intercalate  two  or  three  times  a  sheep's  blood-agar  plate)  how¬ 
ever  in  certain  other  oases,  we  worked  aooording  to  the  dilutions  of 
Knothe  (32)  with  multiple  passages  of  the  germs  over  the  ineubated  hen  egg. 

The  following  oulture  media  were  used  by  us. 
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Peptone  broth  with  0.1  peroent  agar.  1  peroent  starch, 
ites  autoclaved  at.  +106° 0.  Incubation  in  30  peroent  CO2 
Lve  days,  We  usually  used  blood-storage  bottles  that  held 
450  milliliters  of  this  culture  medium  or  small  flasks  with  a  50  or  100 
milliliters  content.  After  conclusion  of  the  inoubation  the  deposits  were 
oentrifuged  (90  minutes.  4000  revolutions  per  minute  Ohrist  Junior  IX) 
and  filtered  through  a  flsits-Ek-layer.  Sines  with  Seiti  filtration  (60) 
as  with  paper  filters  (49).  a  portion  of  the  toxins  is  lost,  we  now  pre¬ 
fer  fine-pore  membrane  filters,  suoh  as  the  No  30  filter  of  the  Ooettingen 
Membrane  inter  Company,  After  running  double  sterility  oheoks,  the  fil¬ 
trates  were  heated  for  30  minutes  at  +10Q°0  in  water  and  then  plaoed  for 
several  hours  in  a  cooling  ohamber  at  +4®0)  then,  they  were  onoe  more  oen- 
trifuged  (10  minute a.  3,030  revolutions  per  minute),  and  stored  at  44°0 
until  used.  Before  the  beginning  of  the  test  the  pH  value  was  tested  and 
the  filtrate  brought  to  pH  7.2,  At  first)  we  worked  exclusively  with  thie 
oulture  medium  —  dsaoribed  in  the  directions  given  by  Winkle  (53) .  and 
used  by  Moser  (38)  and  also  Moaer  and  Mummer  (39)  in  their  investigation! 
—  but  now  use  it  only  for  oooasional  problems . 


Medium  2.  Mixture  samo  as  in  Medium  1 ,  but  with  addition  of  3  per- 
osnt  gluooss,  pH  7.2,  Dsoant  into  100 -mill ill tsr  flasks  and  autoclave 
at  +106°C  for  60  minutes,  Aftsr  inoculation  with  thres  spots  of  n  plats 
oulturs  or  two  or  thrse  drops  of  ,a  liquid  oulture ,  inoubation  under  the 
tame  conditions  as  Medium  1.  though  only  for  four  days  in  CO2  atmosphere, 
Tor  an  additional  24  hours,  the  oulturs  should  remain  under  normal  at- 
mosphsrio  conditions  at  +37°0  (60).  Then,  treatment  as  for  Medium  1. 


Medjpm  3.  Mixture  as  in  Medium  1.  but  addition  of  3  r*r  cent 
gluooie  and  0.4  per  oent  agar,  pH  7 .2.  The  oulture  .medium  is  poured  into 
250-milliliter  flasks  and  autooiavsd  st  +106°C  for  60  minutes,  then  poured 
off  onto  Petri  dishes  (layer  thioknesa  -  one  centimeter).  Xnooulation  with 
4-5  drops  of  e  liquid  oulture,  Xnoubation  as  for  Medium  2,  Aftsr  conclu¬ 
sion  of  the  inoubation  proosss,  the  whole  oontent  of  the  Petri  dish  is 
emptied  into  fine-mesh  gauss  and  oarefully  aqueeeed  out)  the  resulting 
liquid  is  oentrifuged  (90  minutes,  5.000  revolutions  per  minute),  sterile 
filtered,  and  treated  as  with  Medium  1  and  2,  Thio  oulture  medium  is 
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particularly  suitable  for  the  simultaneous  investigation  of  a  larger 
series  of  strains. 

The  filtrates  prduoad  in  the  way  described*  still  contained,  for  the 
most  part,  remains  of  the  o(  -  and  0  -hemolysins  demonstrated  In  the  start¬ 
ing  cultures,  while  the  &  -hemolysin  was,  to  a  great  extent, absorbed 
during  the  filtration  (5^)l  the  dermoneorotlo,  as  well  as  the  lethal  toxin 
were  no  longer  observable  (55)  after  heating  at  +100°C  for  30  minutes. 

One  has  to  reoken  with  the  disadvantage  of  reduoing  the  enterotoxin  con¬ 
tent  by  50  peroent  and  more,  when  one  heats  the  oulture  filtrates  (12,  11), 
For  the  obtaining  of  higher  enterotoxin  concentrations,  numerous  precipi¬ 
tation  and  purification  methods  (37,  53,  1,  2)  —  in  addition  to  seme  con¬ 
centration  procedures  —  are  available.  The  precipitation  of  the  staph. - 
entirotox,  by  ammonium  sulphate  is  quite  simple  (14,  12,  1),  Xxoept  for 
a  small  deviation  (longer  duration  of  the  dialysis),  we  followed  the  direc¬ 
tions  of  Thatoher  and  colleagues  (56)  and  have  bean  for  a  time,  employing 
the  preolpitation  of  the  staph, -enterotox,  by  the  phosphorio  aoid  as  well 
as  by  the  Hoold  ethanol"  methods.  Further  purification  methods  can  bo  oon- 
aulted  In  Burgalla  and  colleagues  (33,  54),  Bergdoll  and  colleagues  (1,  2), 
as  well  ae  Thatoher  and  oolleaguea  (jo),  In  that  mattor,  at  all  events, 
thoroughgoing  knowledge  of  the  ocmplloatod  technique  is  often  requisite, 
and  without  it  usable  findings  oannot  bs  aohlsved  (35). 

A  group  of  reports  exists  on  the  neutralisation  of  the  hemolysins 
present  In  enterotoxin-oontaining  filtrates  by  antitoxic  aera.  Woolpert 
and  Daok  (60)  found  a  neutralising  of  the  hemolyiln  already  with  a  pro¬ 
portion  of  lilO,  We  work  with  the  itaphylooooous  serum  of  the  Bohring 
Works  (200-fold). 

For  determining  the  hemolysins  and  toxlna,  wo  uss  the  following  methods! 
oUhemolyaln,  titration  of  the  filtrates  against  a  1  per  oent  rabbit- 
erythrooytes  suspmision  in  aooordanoa  with  the  diraotions  of  Dolman  and 
Xitohirg  (15) ,  A  -hemolysin,  titration  of  the  filtrates  against  a  1  par 
oent  aheep-erythrooytoa  suspension  (hot-cold  lysis)  as  in  the  description 
given  by  Burgalla  and  Kte  (52) ,  The  dilution  stage  in  both  eeries  that 
atill  just  shows  a  clear  and  oemplete  henolyela  i*  shown  as  the  titer. 

As  a  unit  serves  ths  sowoalldd  MHD  (minimum  hemolytlo  doss).  This  is, 
aooording  to  Dolman  and  Xltohing  (15),  "the  volume  of  toxin  whloh  lust 
auffloea  to  hemolyss  ocmpletsly  one  00  of  a  Ip  suspension  in  normel  saline 
of  rabbit  erythrooytea  after  one  hour  inoubatlon  at  3?°CH  and  oan  similarly 
be  used  for  the  4  -hemolysin  (5,  52 ). 

We  normally  oheok  the  lethal  toxins  by  intravenouu  or  intraperl- 
toneal  injeotdon  of  ths  filtrates  on  ths  white  mouse  (o.l  milliliter /gram 
Mouse  intraperi toneally,  O.Oj  milliliter/gram  Mouse  intravenously),  In 
important  tceta  there  la  oonduoted,  in  addition,  the  intravenous  injeo- 
tlon  on  rabbits  (grown  aidmal,  1-1,5  milliliters  intravenously),  The 
judgement  of  the  testa  wua  done  with  the  help  of  the  olaaaloal  studies 
on  lethal  toxin  (49,  27,  6,  33,  2 2,  42,  13,  4?). 


-  4  - 


We  have  here,  aa  lit  the  preceding  publications,  shown  the  lethal 
toxin  and  the  <X  -hemolysin  separately.  The  long-standing  question  (34, 

57)  as  to  how  far  those  substances  are  identical  and  whether  the  der- 
moneorotio  toxin  and  tils  leuoocydin  should  also  be  included  in  them,  oan 
not  be  further  entered  into  here,  For  praotioal  purposes  it  is  conve¬ 
nient  to  use  the  separation  —  made  also  by  Amerioan  authors  —  whereby 
we  determine,  in  addition  to  the  hemolysins,  only  the  lethal  toxin. 

Finally,  we  would  remark  that  even  with  the  most  exact  execution  the  appli¬ 
cable  prescriptions,  one  can,  with  the  same  strain  and  the  same  culture 
modlum,  obtain  in  the  end  filtrates  of  differing  quality.  This  experience, 
oommon  to  us  also,  often  forces  one  to  oheok  the  filtrates  for  thoir  he¬ 
molysin  content  before  heating,  whioh  oontent  stands  in  oertain  (admit¬ 
tedly  by  no  means  fixed)  relationships  to  the  en**rotoxin  oontent. 

3.  Other  Data  on  Msthodi 

The  oholoe  and  inoubation  of  the  hen  eggs,  injection  of  the  filtrates 
judgment  of  ths  test  findings  were  oonduoted  in  the  same  way  as  was  des¬ 
cribed  in  presenting  our  infeotion  tests  (30) •  From  saeh  egg  that  died, 
we  removed  two  samples,  after  a  sterile  opening,  for  teatlng  for  the  pre. 
•enoe  of  staphyloooooi  (grape  sugar  broth,  seven  percent  sheep's  blood- 
agar  plate).  Anaerobio  oultura  procedures  were  not  carried  out.  On 
growth  of  staphyloooooi  in  one  of  the  two  culture  media,  the  egg  waa  eli¬ 
minated  from  the  valuation  If  the  isolated  germs  obviously  oould  m t  ori¬ 
ginate  from  ths  lnjeated  filtrates. 

The  examination  of  the  embryos  that  had  died  was  limited  to  the  mao- 
roaoopio  obseratlon  of  the  inner  organs  and  ths  opened  head.  Riatologioal 
procedures  were  not  oarrled  out  in  the  tests  hsre  being  reported, 

iml 

Preliminary  Note 

The  tabulations  given  to  Ulustrats  the  prooltms  discussed  show,  in 
eaoh  case,  ths  whole  teat,  Aa  our  effort  here  was  prinoipally  to  oiarify 
ths  speolfioity  of  the  procedure  under  disousslon,  it  seemed  to  us  appro- 
priata  to  add  explanatory  notac  to  eaoh  table, 

U  ..PiBiratom  9f  t)w  BUMaJtouaa 

From  a  comparison  of  the  findings  obtained  under  simialr  conditions 
—  in  November  193?  and  Maroh  1959  (table  1)  —  it  appears  that  consider¬ 
able  differences  do  exist  in  the  sensitivity  of  eggs  laid  in  the  late 
autumn  and  in  the  spring,  This  faot,  known  to  every  ohioken  breedsa*  was 
oonfirmed  through  oomparatlve  studies  made  on  the  effeot  of  odd,  through 
the  applloatlon  of  unpurified  filtrates,  and  in  infeotion  tests,  A  fur¬ 
ther  easily-vtrlfiablo  oritarion  for  the  vitality  of  the  eggs  resulted 
from  a  dunce  observation.  Every  one  of  the  eggs  examined  in  autumn 
with  a  crack  in  th*  shell,  omined  by  handling  or  transport,  aa  a  rule 
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died  after  24  hours j  while  spring  sggs  In  a  similar,  deliberately-induced 
condition,  survived  several  days  and,  at  timas,  could  even  bo  observed  to 
hatoh  a  healthy  ohiok.  The  small  degroe  of  sensitivity  of  ohiok  embryos 
to  injuries  of  every  sort  in  late  winter  and  in  spring  is  an  Important 
faotor,  whioh  must  be  taken  into  consideration  in  any  repetition  of  the 
tests  shown  here.  It  is  advisable  to  work  in  these  months  with  a  max¬ 
imum  dose  (0,2  milliliters),  to  be  exoeeded  only  after  removal  of  a 
corresponding  quantity  of  allantoio  fluid.  Still  better  is  the  use  of 
partially  purified  filtrates  (table  3),  The  seasonally -conditioned  sen¬ 
sitivity  variations  of  ohiok  embryos  to  the  staph.-enterotox.  and  a 
number  of  other  faotora  (breed,  slae  of  egg,  age,  and  feeding  of  the  hens, 
ato.)  made  the  testing  of  the  natural  mortality  rats  of  unlnooulated  eggs 
nsoessary.  This  mortality  rate  (oaloulated  always  from  the  5th  inoubatton 
day)  —  inoluding  ohinka  that  failed  to  oomplete  hatohing  —  was  betwesn 
15  and  1?  peroent  for  the  months  from  September  to  Deoember  1957 l  for  the 
mohths  January  to  April  1958*  it  wap.  between  9  and  10  peroent.  The  last 
value  ia  In  agreement  with  the  findings  of  the  ohiohen  breeder  —  who  keeps 
his  motor  inoubator  running  only  at  this  <4**  (but  not  in  the  autumn  and 
aarly  vintar)  —  who  advised  ua,  Vorking  for  the  first  time  with  agga  of 
a  new  atrain  or  even  of  a  new  bread,  one  ia  well  advised  to  ascertain  tha 
natural  mortality  rata.  With  regard  to  the  findings  presented  in  Table  1, 
we  have  noted  alee  in  the  suooeading  tables  ths  month  in  whioh  the  tests 
took  place, 


The  egg  weight  plays  an  important  role  in  tha  prooass  of  Investiga¬ 
tion,  The  smaller  the  egg,  the  lower  the  estimate  of  the  dilution  faotor 
to  whioh  the  injected  toxin  la  subject ,  It  must  also  bo  noted  that  large 
egga  have  more  white  and  less  yolk  than  small  eggs  (10 ).  After  oonoluding 
at  tha  beginning  of  our  investigations,  that  tha  smaller  agga  always  died 
firat,  va  used,  so  far  as  possible,  only  the  smallest  (and  ohoapeati)  egga 
as  regards  both  also  and  weight  olasaes,  Comparative  vitality  teats  (in- 
faction  with  miqroocaaus  woe .  var .  sun. )  on  largo  and  small  hen  sggs 
shewsd  no  significant  disadvantage  in  the  small  weight  olasa ,  For  ex- 
trinsio  reasons  wo  ohoae  almost  exclusively  the  sggs  of  one  year  old  hens 
of  one  strain  and  one  breed  (brown  Italians  or  white  leghorns).  In  this 
way  one,  in  any  ease,  obtains  small  egga,  ainoa  the  egg  weight  inoreases 
with  the  age  of  tha  hsna  (18), 
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Table  1 


Comparative  investigations  of  the  sensitivity  of  10  day-old  ohiok  embryos 
to  the  injeotion  of  filtrates  of  enter otoxin-foraing  staphyloooooi  in 
November  195?  (I)  and  Maroh  1958  (II) 

Name  of  Number  fteeth  at  hours  Hatohed  or  died 

strain  of  after  lnjeotion  hatohing 

24  ..  4B.  72  96  >95 _ 


I 

26 

8 

9 

3 

2 

1 

3 

161 

II 

20 

Z 

2 

*7 

J 

1 

M«B 

8 

196 

I 

26 

4 

7 

8 

3 

2 

2 

II 

20 

3 

3 

4 

3 

2 

5 

12? 

I 

16 

10 

4 

1 

MM 

MM 

1 

II 

16 

l 

5 

4 

1 

1 

4 

360 

I 

12 

5 

2 

1 

MM 

1 

3 

XI 

12 

2 

mm 

3 

3 

— 

4 

20584 

I 

II 

6 

6 

3 

1 

2 

2 

1 

mm 

MM 

1 

MM 

MM 

MM 

2 

2110 

I 

EE 

<S 

6 

mm 

mm 

2 

■see 

1 

1 

r 

1 

MM 

2 

3 

1074 

I 

II 

6 

6 

1 

mm 

1 

2 

1 

mm 

i 

1 

1 

1 

3 

2341 

I 

6 

1 

1 

1 

i 

MM 

2 

XI 

'4 

,  1 

MM 

mm 

i 

4 

697 

I 

6 

1 

2 

2 

i 

MM 

MM 

EE 

4 ./ 

,  1 

MBS 

MSB 

i 

2 

2 

2204 
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XI 

6 

6 

mm 

mm 

1 

MBS 

MM 

MM 

MM 

1 

1 

3 

4 

2483 
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XI 

6 

6 

2 

1 

2 

asms 

MM 

1 

1 

MM 

MM 

1 

1 

3 

Oxford 

X 

XI 

20 

10 

1 

m  m 

•i* 

MM 

MM 

MM 

MM 

MM 

MM 

1 

19 

9 

•Htapty' 

broth 

I 

10 

mm 

1 

MM 

MM 

MM 

9 

II 

10 

mm 

m  m 

MM 

MM 

MM 

10 

Tabla  2 

Teats  to  obtain  the  relationships  between  filtrate  do so  and  death  rata 
on  10  day-old  ohiok  anbryoa  (April  1958) 

Sana  of  "'-  tWbar  Daatk  ai  houri  '  Hatohad  or 

•train  Doit  of  afttr  injection  died 

eggs  24  48  ?2  96  >96  hatching 


(100°  C  30' ) 
}l00°  0  30') 


(So°  0  30') 


8-6 

(100°  0  30') 
14? 

(100°  0  30') 


0.05  4 

0,1  4 

0.2  4 


0.05 

0,1 

0.2 

0.05 

0.1 

0.2 


0.05 

0.1 

0,2 


4 

4 

4 

4 

4 

4 


0.05  4 

0,1  4 

0.2  4 


4 

4 

4 


mm 

1 

MM 

1 

MM 

1 

mm 

MM 

MM 

MM 

1 

2 

MM 

MM 

MM 

mm 

mm 

2 

mm 

1 

mm 

1 

MM 

2 

MM 

2 

mm 

MM 

MM 

1 

2 

mm 

MM 

MM 

mm 
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mm 

2 

MM 

mm 

•Mi 

1 

MM 

1 

mm 

Mil 

1 

MM 

MM 

1 

MM 

MM 

mm 

MM 

1 

1 

1 

— 

1 

MM 

Man 

MM 

MM 

1 

mm 

1 

MM 

MM 

MM 

1 

■a 

1 

MM 

MM 

2 

3 

1 


2 

1 

2 


3 

3 

2 


1  4 

1  4 

1  M 

SO  ST\ 

1  1 

1  1 

1  r\ 

1  1 

1  1 

1  1 

H  1 

1  1 

1  H 

H  1 

1  I 

I  1 

H  1 

H  I 

1  H 

1  1 

Os  H 

<0  N 

9s  1 

1  H 

9 

or 

a* 

10 

6 

*9  VO 

i'-H 

o  eo 

ooo 

322 

332 

I  I  Ih 

I  H  I  I 

I  I  Ih 

I  I  N  H 
I  I  HH 


M  MM  M  M 


mmj  mm|  mm 

m  SSI  m 
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3.  Dependence  of  the  Results  Found  on  the  Age  of  the  Babrvoa 

'  The  olarlfioation  of  the  relationships  between  the  age  of  the  em¬ 
bryos  and  the  sensitivity  to  the  staph. -enterotox,  proved  to  be  rela¬ 
tively  simple.  There  is  no  need  to  present  the  findings  in  tabular 
form,  ainoe  the  relations  were  even  more  oonsistent  than  in  the  oase  of 
the  infeotion  tests.  The  12  day-old  ohiok  embryo  is  only  seldom  markedly 
injured,  and  the  16  day-old  ohiok  embryo  is  on  the  other  hand  never 
markedly  injured  by  0.2  milliliters  of  an  enter otoxin-oontaining  filtrate. 
TU  mortality  rates  in  the  oontrol  series  did  not  differ  from  those  of 
the  14-and  16-day  old  embryos  treated  with  enterotoxin-oontaining  fil¬ 
trates.  Filtrates  of  stronger  enterotoxin-formere  sometimes  caused  12 
day-old  embryos  to  die;  but  not  more  than  l/5th  of  the  eggs  in  the  tests 
were  ever  affeoted  by  this.  For  our  teste,  we  therefore  ohose  9-10  day- 
old  embryos. 

4.  Dependence  of  the  Results  Found  on  thaDose 

Fixed  relationships  between  the  dose  of  the  injected  filtrates  and 
the  mortality  rates  obtained  were  not  perceptible,  presumably  because  of 
the  numbers  being  still  too  small  in  spite  of  the  use  of  uniform  material. 
An  example  is  shown  by  Table  2.  The  ohief  reason  for  this  is  in  our 
(pinion,  the  differing  sensitivity  —  clearly  evident  with  small  quanti¬ 
ties  of  enterotoxin  —  of  eaoh  individual  embryo,  The  oorreotnsaa  of 
this  assumption  emerges  from  the  results  found  in  the  experiments  with 
filtrats-oonoentrates,  whioh  are  reproduoed  in  Table  4.  From  400 
milliliters  of  broth  (Medium.  there  was  extraoted,  by  precipitation  with 
ammonium  sulphate,  a  oonoentrate  of  soaroely  50  milliliters,  and  this 
was  injooted  in  various  different  dilutions  in  the  egg,  ftxt  here  again 
the  individual  reaotion  of  the  single  egg  is  still  peroeivable. 

Although  the  dilution  corresponded  as  lio  with  the  starting  filtrate, 
there  ia  no  difference  from  the  lt4  dilution  in  the  action. 


Table  4 

Example  of  the  effeot  of  various  dilutions  of  a  partially  purified 
filtrate  (preoipitation  with  (NH4)  -80^)  of  the  enterotoxLn-fora- 
ing  staphyioooeous  strain  Mo  161  on  10  day-old  ohiok  embryos 
(April  1958). 


Filtrate 

Doss 

Number  of 

Death  at  hours 

Hatohed  or 

eggs 

after  injection 

died  hatch- 

24  48 

72 

96 

>96 

ing 

161  K  (MV2804 

0,2 

6 

4 

1 

- 

m 

1 

•a 

J8>*  ‘  w 

0,2 

4 

1 

ee 

3 

- 

- 

- 

itt  U  <»VA 

0,4 

4 

- 

1 

2 

m 

•§ 

1 

1a  r  («VA 

0,2 

4 

1 

2 

■1 

- 

m 

1 

161  X  (MIL)  80, 
(1.16)  ^  2  4 

0,2 

4 

1 

sa 

«s 

w 

1 

2 

ia  k  (mO„so„ 

0,2. 

4 

ee 

. 

SB 

. 

ee 

4 

2 


Table  6 


Investigations  of  the  proteotive  effect  of  the  (Behrings  Works)  staphylo- 
oooous-serum  with  simultaneous  injeetion  of  enterotoxin-oontalnlng 
filtrates  on  9  days  old  ohiok  embryos  (November  1957) 


Name  of 
filtrate 

Doee 

Number 

of 

eggs 

Death  at  hours 
after  injection 

24  48  72  96 

>96 

Hatched  or 
died 

hatohing 

161 

0.1 

6 

2 

2 

1 

1 

161 

0.1 

6 

2 

1 

1 

1 

1 

Staph. -Serum 

0.1 

196 

0.1 

6 

1 

2 

1 

mm 

mm 

2 

196 

0.1 

6 

mm 

2 

1 

mm 

1 

2 

Staph. -Serum 

0.1 

360 

0.1 

6 

2 

1 

„ 

1 

••• 

2 

360 

0.1 

6 

1 

mm 

2 

wee 

— 

3 

Staph. -Serum 

0.1 

Staph. -Serum 

0.1 

10 

mm 

1 

„ 

1 

8 

'Empty1  broth 

0.1 

10 

1 

mm 

mm 

Miee 

«■  m 

9 

flLftttg  9f  \ 


of  the  Results  Found  on  the  - and  0  -Hemolysin 


During  the  disoussion  of  the  infeotion  tests  (30),  the  assumption  was 
advanoed  that  various  staphyloaooous -hemolysins  or  -toxins  are  oapable  of 
exerting  a  pathogenous  effect  on  ohiok  embryos.  However,  the  single  dose 
0.2  milliliters  of  a  filtrate  seems  —  as  is  peroeivable  from  the  example 
of  the  non-enterotoxin  forming  strain  165  whioh  produoes  both  (X  -  and 
&  -hemolysin  (Table  5)  hardly  to  be  sufficient.  In  the  heated  fil¬ 
trates,  the  low  Pi  -  and  -hemolysin  -remains  titers  may  be  regarded  as 
insignificant.  In  spite  of  the  heating,  the  aotion  of  the  filtrates  of 
enterotoxin-forming  staphyloooooi  on  ohiok  embxyos  remains  unohangbd  and 
at  times  it  even  appears  more  olearly  than  in  the  oase  of  uncooked  filtra¬ 
tes.  The  latter  observation  has  remained  incomprehensible  to  us  so  far 
and  oould  only  be  olarified  by  means  of  rather  large  test  series.  In 
order  to  exclude  completely  the  possibility  of  an  injurious  of  the  hemo¬ 
lysis  still  oontained  in  oooked  filtrates,  the  filtratos  were  mixed  in 
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tho  proportion  of  ljl  with  the  staphylooooous  sarum  of  the  Behring  Works 
(200-fold),  left  standing  at  +3?°C  for  one  hour  and  then  injeoted,  The 
resulting  findings  in  Table  6  show  that  the  staphylooooous  serum  does  not 
neutralise  the  substanoe  that  is  deadly  for  the  oldok  embryo.  On  the  other 
hand,  polyvenylpyrrolidon  (Periston  N)  possesses  a  perceptible  toxin- 
removing,  "detoxicating, "  effeot.  We  added  this  substanoe,  after  weigh¬ 
ing  in  a  0.85  per  oent  NaCl  solution,  to  the  filtrates  and  incubated 
the  mixture  at  +37°C  for  one  hour.  The  addition  of  100  milligrams  Peris¬ 
ton  N/milliliter  aould  not  be  exoeeded,  sinoe  the  lnjeotion  of  200  or  300 
milligrams  Periston/milliliter  0.85  P«r  oent  NaCl  solution  led  to  the  death 
of  part  of  the  embryos.  The  injections  of  100  milligrams  Periston  N/mllll- 
liter  0.85  per  oent  NaCl  solution  were  well  tolerated.  The  results  repren- 
ted  by  Table  3  do  permit  of  a  provisional  statement  as  to  the  detoxloating 
effect  of  Periston  N,  but  require  verification, 

6.  Control  Investigations  of  42  Staphylooooous  Strains 

So  far,  a  oheok  has  been  made  of  42  staphylooooous  strains,  isolated 
in  oases  of  wound  infeotions,  py ode mi a  ns,  OBtscnyelitss,  eto.,  and  through 
staff  examinations  (ohildrsn's  olinio,  surgical  olinio).  We  used  Medium  3 
as  the  culture  medium  and  tested  the  filtrate  of  eaoh  strain  on  six  hen 
eggs.  A  filtrate  was  regarded  as  entsrotoxin-oontaining,  if  at  least 
thres  embryos  died  within  96  hours.  Among  the  42  etaphylooooous  strains, 
we  found,  aooording  to  this  oriterion,  four  enterotoxin-f ormero ,  three  of 
whioh  belonged  to  phage  group  111,  end  one  to  phage  group  11.  A  detailed 
report  on  this  seotion  of  the  teats  is  made  together  with  Poehn  in  another 
plaoe, 

PiftfflBtiffl  Si  SlaJuilMxJtoUl 

Only  the  death  of  the  embryos  was  used  us  oriterion  for  the  Judgement 
of  the  injeoted  filtrates.  This  ie  a  quite  rough,  but  at  all  events,  con¬ 
sistent  standard.  The  observation  of  the  amnlo^erlstaltia  was  far  less 
reliable.  Other  manifestations  of  life  of  the  embryos  were  not  studied 
systematically  by  us.  The  "natural1 1  deaths  of  ohlok  embryos  appear,  as 
is  known,  in  olusters  at  the  2-4th  and  the  l8-20th  incubation  days,  and 
oannot  essentially  distort  the  test  findings  resulting  in  the  period  that 
oonoemu  uu  from  the  ninth  to  the  fifteenth  day.  In  the  older  literature, 
astonishingly  high  mortality  rates  after  miorosurgloftl  interventions  were 
reported  in  the  first  days  of  the  inoubation  period  (Bibliography,  see  21), 
The  majority  of  these  studios  oould  not  be  seen  by  us  in  the  original. 

But  comparison  of  the  data  of  Ferret  (19) »  who  observed  already,  after 
wounding  of  the  shell  and  shell-akin,  18,75  per  oent  atronhled  ova  or  de~ 
footlve  development  (in  total  61,54  per  oent  abnormal  ova),  with  our  con¬ 
trol  serins,  shows  that  older  ohiok  embryos  tolerate  small  Interventions 
quits  well,  Knothe  (32,  31)  exprasaad  tho  some  viow,  A  prerequisite  for 
those  results  is  striotly  sterile  working,  and  care  that  there  be  optimum 
inoubation  conditions.  Superfluous  meohanioal  damage  1b  to  bo  avoided.  The 
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oapaoity  for  resistance  of  ohick  embryos  is  so  great  in  the  period  from 
the  9-1 5th  day i  that  brief  oooling ,  careful  boring  through  of  the  shell, 
piercing  of  the  egg  skin  with  a  fine  needle.  And  injeotlon  of  0,1-0. 2 
milliliters  liquid  in  the  allantoic  oavity  present  Bo  serious  injuries. 

The  second  cause  of  death  in  ohick  embryos  under  consideration  is  the 
infeotion  with  pathogenous  germs,  Apsthogsnous  microorganisms  of  the  most 
varied  sorts  are  also  observable  in  the  uninoubated  hSn  egg  (46,  24  and 
others),  and  the  data  on  the  frequency  of  suoh  findings  show  strong  var¬ 
iations.  Because  of  the  increased  danger  of  contamination,  we  deliberately 
abstained  from  testing  the  sterility  of  the  egg  content  before  injection 
of  the  toxins.  We  oonduoted  sterility  checks  only  on  the  eggs  only  after 
death.  The  prepared  oultures  exhibited  growth  in  8-12  per  oent  of  all  sam¬ 
ples.  The  inoidenoe  unoterile  eggr  was  reached  when  we  omitted  the  wash¬ 
ing  off  of  the  shell  before  the  beginning  of  the  incubation.  Of  the  isola¬ 
ted  germs  (aerobio  spore-formers,  sarolna,  yeasts,  gram-positive  oluster 
ooooi,  and  others),  further  examination  was  made  only  of  the  gram-positive 
ooooi.  Demonstration  of  Microoocous  Pvpg.  vsr.aur.  exoluded  the  valuation 
of  the  egg  In  question.  We  regarded  only  so-oalled  "white 11  staphyloooooi 
as  apathogenous  when  there  was  «  together  with  negative  ooagulase  reac¬ 
tion  —  a  laok  of  Kannit-fermentation  and  hemolysin  produotion,  and  where 
9-10  day-old  oJdok  embryos  infeoted  with  these  germs  survived. 

We  seldom  found  BlflfaBfflll  Bf-.BI9.tjMI  when 

found,  there  was  naturally  some  suspicion  of  contamination  during  the 
handling.  As  compared  with  the  findings  presented  by  Haines  (24),  the 
number  of  unsterile  eggs  established  by  us  is  undoubtedly  small. 

After  the  foregoing  observations,  there  should  be  no  doubt  that  the 
death  of  ohlok  embryos  after  injeotion  of  the  filtrates  of  enterotoxin- 
forming  staphyloooooi  is  to  be  attributed  to  the  aotion  of  a  substanoe  con¬ 
tained  in  them.  In  view  of  the  respeotive  pre-treatments  of  the  filtrates, 
the  only  thing  that  oan  enter  into  oonsideration  here  is  the  staph. - 
enterotox.  Even  if  small  oonoentrations  of  oL  -  or^  -hemolysin  are  pre¬ 
sent  in  the  filtrates,  they  are  not  capable  of  exercising  any  pathogenous 
effeot  on  ohiok  embryos,  where  a  single  dose  of  0,2  milliliters  is  applied. 
The  results  found  and  reported  here  s|iow  that  an  absolutely  regular  be¬ 
havior  of  the  ohiok  embryos  after  injection  of  enterotoxln-oontaining 
filtrates  oould  not  be  observed,  He$e  lies  the  most  difficult  problem  of 
our  teats. 

The  sensitivity  —  varying  with  the  seasons  of  the  year  —  of  the 
ohiok  embryos  to  the  staph. -enterotox ,  corresponds  somewhat  with  the  S« 
shaped  ourve  of  the  egg  produotion  of  tho  hen  (45),  Parallel  to  the  de- 
oline  of  the  egg  produotion  is  to  bo  observed  an  inerease  of  the  embryos 
that  have  been  late  in  their  development  and  that  are  thus  more  liable  to 
injurioa,  Knotho  has  already  pointed  this  out,  In  the  late  winter 
and  the  spring  months  wo,  in  uny  oaio,  wore  also  unable  to  obtair  any 
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consistent  results,  though  ve  but  seldom  found  well  developed  embryos  that 

<44  n4  4  V4  «■  i  iifl  Umimip  n  #+  aw  4  w  rtw  TK  a  —  _  a’T  4  4*  nal  f  nl 

ready  small  —  dose  of  0.1-0, 2  milliliters  filtrate  (allantoio  liquid  about 
1.0  milliliters)  is  further  lowered  in  the  allantoio  cavity  by  the  unavoid¬ 
able  dilution;  and  it  notioeably  injures  consequently  only  that  part  of 
the  embryos  that,  in  any  oase,  shows  little  vitality.  If  the  same  volume 
of  filtrate  contains  staph. -enterotox.  in  a  stronger  oonoentration,  then 
the  embryos  are  usually  all  killed. 

The  way  the  staph . -enterotox .  acts  is  still  not  dear  at  many  points. 
Apparently  it  is  a  matter  of  a  predominantly  neurotopio  toxin.  How  the 
injury  of  the  ohiok  embryos  takes  plaoe,  where  it  starts,  and  what  condi¬ 
tions  are  required  for  this  requires  further  investigation,  Understanding 
of  these  questions  is  helped  forward  by  the  knowledge  of  the  biogenetio, 
physical  and  ohemioal  processes  taking  plaoe  in  the  incubated  hen  egg. 

We  would  ref or  here  to  the  literature  on  ths  subject  (21,  20,  46,  $9,  44). 
The  first  question  one  would  ask  is  what  conditions  —  important  for  ths 
enterotoxin  aotion  —  exist  in  the  incubated  hen  egg  on  the  9 -10th  day. 

The  growth  of  ohiok  embryos  takes  plaoe  in  several  periods.  The  maximum 
sensitivity  to  the  staph. -enterotox.  to  be  obsorved  at  the  9th  day 
ooinoldes  with  the  so-called  seoond  growth  depression.  Simultaneously 
with  this  term,  the  pH  values  of  the  yolk  and  the  white  of  egg  are 
approximately  equal  (8,  48,  23)  and  oorrsspond  with  an  average  of  7.3- 
7.4  to  that  of  the  blood  (8).  The  same  holds  true  for  the  amnlotio  and 
the  allantoio  fluid;  while  the  pH  value  of  the  embryo  body  (squeezed  juioe 
of  embryo)  lies  around  7.0  (40);  individual  organs,  on  ths  other  hand, 

•how  a  very  varying  behavior  in  this  respeot  (8).  These  findings  reoall 
to  mind  the  teats  of  Borthwiok  (4),  who  was  only  able  to  determine  a 
reaotlon  to  the  staph. -enterotox.  with  a  pH  of  7.2-7. 4  (filtrate,  stomaoh 
oontents  of  guinea  pigs  and  rabbits).  Whether  this  parallelism  is  fortu¬ 
itous  rsmains  at  present  an  open  question.  Ws  hsvs  put  forward  ths  idea 
that  the  enterotoxin  injury  at  the  9 -10th  inoubation  day  meets  an  organism 
that  is  relatively  oapable  of  resitting,  whioh  dies  or  survives  aooording 
to  the  degree  of  its  vitality,  Ths  deoislon  on  this  takss  plaoe  within 
72  —  or  at  the  most  96  —  hours  after  injection.  It  is  possible  to 
think  that  the  pH  values  that  oltarly  ohange  after  the  10th  day  are  of 
•ignifloanoe  for  the  insensitivity  of  older  embryos  to  ths  staph 
enterotox.  A  oonsistent  late  injury  of  ths  embryos  oxposod  at  ths  10th 
day  to  the  staph, -enterotox,  oould  not  be  observed.  The  mortality  rates 
obtained  in  the  teat  series  for  ths  last  2  days  before  ths  hatching  and 
during  the  hatohing  hardly  differ  from  the  corresponding  valued  of  ths 
oontrols.  The  hatched  ohioks  were  given  away  to  persons  . oonnooted  with 
the  institute  or  the  hospital,  and  grew  just  like  the  animals  of  the  same 
breed  who  have  undergone  regular  artificial  inoubation. 

Of  the  many  questlona  still  to  be  answered,  let  us  sc'ieot  just  a  few. 
The  possible  improvement  of  the  results  by  means  of  a  obutnge  of  the  injec¬ 
tion  technique,  or  raising  of  ths  injsotion  doss  over  0.2  milliliters, 
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ed  by  a  pre-injuring  of  the  embryos,  through  cold  for  example.  Further, 
the  relationships  suggested  above  between  the  pH  value  of  the  filtrates 
aiid  allantolo  fluid,  rsapt-otively,  are  still  unolarlfied.  Finally, 

'■.hcvough  pathologioal-anatomical  examinations  of  embryos  that  have  died 
are  laoking.  It  would  be  technically  very  difficult  but  extremely 
interesting  to  observe  —  under  the  aotion  of  onterotoxin  —  embryos  loos** 
ed  from  the  egg  and  brought  into  an  appropriate  environment. 

The  practical  utility  of  incubated  hen  eggs  for  the  demonstration 
of  the  staph. -enterotox.  is  delimited  already  by  the  existing  statement. 

In  the  presont  form,  the  procedure  brings  only  qualitative  findings,  as  a 
result  of  whioh  one  oan  at  any  rate  speak  of  strong  or  weak  onterotoxin- 
formers,  having  regard  to  the  mortality  rates  in  question.  For  single 
examinations,  it  appears  to  us  that  the  teohnioal  expenditure  with  this 
method  is  too  great,  In  this  oass,  one  should  avail  oneself  of  one  of 
the  blologioal  tests  listed  in  an  earlier  publication  (28),  Larger 
test  series,  in  whioh  the  absolutely  necessary  aooompanimsnt  of  positive 
and  negative  oontrols  present  no  difficulty,  should  present  the  indica¬ 
tion  for  the  employment  of  the  ohiok  embryos  method.  The  findings  of  the 
suitably  oonduoted  oat  teat  aaoording  to  Dolman  and  tolleagues  (Bibliography. 
See  28.)  do,  it  1*  ture,  make  in  this  oaae  a  fomewhat  better  appearanoe,  as 
Thatoher  and  Maths son  (36)  recently  were  able  to  show;  but  then  totally 
different  criteria  do  not,  in  any  oaaa,  permit  any  true  oamparlaon, 

Further,  it  would  be  queationable  whether  one  would  in  this  oountry  find 
the  improbable  situation  of  having  200  oata  available  for  test  purposes, 
and  whether  one  oould  then  deolde  on  this,  by  no  means  veloome,  mass 
experiment. 

The  frequenoy  of  the  appearanoe  of  enterotoxln-forming  staphyloooooi 
has  not  been  sufficiently  investigated.  Where,  out  of  42  strains,  we 
found  enterotoxin-f ormers ,  we  do  not  believe  that  this  is  a  statistically 
usable  statement.  In  the  list  published  by  Wilson  (5?)  of  similar  inves¬ 
tigations,  much  higher  "percentage  rates"  art  to  be  found i  and  here  the 
total  number  of  the  strains  tested  by  the  authors  olted,  does  not  even 
partially  reach  the  number  on  whioh  our  investigations  are  based.  These 
differences  oan  be  due  to  the  use  of  differing  demonstration  procedures. 

The  more  sensitive  the  method,  the  higher  the  peroentags  rats  of  the 
enterotoxin-formers  disoovered.  It  would  be  possible  to  associate  oneself 
with  the  view  of  Wilson  (57),  who  statosi  "...  end  it  is  probable  that  a 
large  peroentags  of  strains  produos  greater  or  less  quantities  of  the 
toxin,"  It  thus  remains  to  be  considered,  how  one  is  to  distinguish 
olinloally  insignificant,  week,  enter otoodn-f ormers  from  the  highly 
toxogenous  strains.  The  quantitative  determination  of  the  amount  of  entero- 
toxin  produced  has  not  been  auooeasful  with  the  blologioal  demonstration 
prooodures  so  far  known.  If  this  were  at  all  possible,  then  it  would  most 
likely  be  by  the  use  of  9-10  days  old  ohiok  embryos  analogously  to  the 
suoosssful  diptherla-toxin  tests  of  Knothe  (31). 
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X.  The  9-10  days  old  ohiok  smbryo  oan  bs  injured  and  caused  to  die  by  the 
injeotion  of  0.1-0, 2  milliliters  of  an  enterotoxln-oontainlng  oulture 
filtrate  In  the  allantoio  oavlty,  The  entero toxin  oontent  of  the  filtrate 
pretreated  In  the  usual  way  (heating  at  +  10Q*c/30  minutes)  is  not  high 
enough  to  kill  all  the  embryos  of  a  test  series. 

2.  Partially  purified  and  oonoentrated  filtrates  contain  the  toxin  in  a 
oonoentratlon  that  Is  deadly  for  all  ohiok  embryos. 

3.  By  addition  of  Periston  N  (Polyvinylpyr roll don)  the  toxio  aotlon  of 
partially  purified  filtrates  is  olearly  diminished.  The  Staphylooooous 
serum  of  the  Behring  Works  showed  no  pereeptible  neutralisation  effect  in 
the  test  with  unpurified  filtrates. 

4.  v  Among  42  staphylooooous  strains  isolated  from  alinioal  infections  or 
examinations  of  staff  there  were  four  enter otaxin-formera,  of  which  three 
belonged  to  phage  group  112  and  ona  balonged  to  phage  group  II. 

J.  The  demonatration  of  tho  staphylooooous  enterotoacin  on  9-10  days  old 
ohiok  embryos  with  the  use  of  unpurified  oulture  filtrates  is  only  advise, 
bla  for  large  test  series.  In  the  present  form,  the  prooedure  only  allows 
for  qualitative  statements,  whils  the  quantitative  determination  of  the 
enterotoxln  oontent  in  oulture  filtrates  is  not  presently  possible. 
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